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$ OLTXLG KHOLXP VXSSOLHG FU\RJHQLF V\VWHP KDV EHHQ GHVLJQHG� EXLOW� DQG RSHUDWHG

FRQWLQXRXVO\ VLQFH 6HSWHPEHU ����� 7KH V\VWHP FRROV QLQH FDVVHWWHV ���� FKDQQHOV HDFK�

RI YLVLEOH OLJKW SKRWRQ FRXQWHU �9/3&� FKLSV WR ��� .� 7KHUPDO VWDELOLW\ RI WKH FKLSV KDV

EHHQ H[FHOOHQW� /LTXLG KHOLXP LV VXSSOLHG IURP D PRGLILHG &7, ���� KHOLXP OLTXLILHU� 7KH

OLTXLG IORZV LQWR D YDFXXP LQVXODWHG OLTXLG QLWURJHQ VKLHOGHG FU\RVWDW ZKHUH LW FRROV WKH

9/3& FKLSV� 6RPH RI WKH KHOLXP ERLO RII LV XVHG WR UHGXFH WKH FU\RVWDW KHDW OHDN� $OO ERLO

RII JDV LV UHWXUQHG WR WKH FRPSUHVVRU VXFWLRQ KHDGHU IRU WKH 7HYDWURQ� 7KH H[FHSWLRQDO

FRQWURO RI WKH FDVVHWWH WHPSHUDWXUHV LV DFKLHYHG ZLWK WZR OHYHOV RI 3,' FRQWURO� 7KH FRDUVH

FRQWURO �$OO FDVVHWWHV ZLWKLQ ��� .� LV UHDFKHG E\ PDLQWDLQLQJ FRQVWDQW FU\RVWDW OLTXLG OHYHO�

FU\RVWDW SUHVVXUH� DQG KHDW LQWHUFHSW IORZ� 7KH ILQH FRQWURO �$OO FDVVHWWHV ZLWKLQ ��� �����

.� LV DFKLHYHG ZLWK DXWRPDWLFDOO\ FRQWUROOHG KHDWHUV LQ HDFK FDVVHWWH� 7KH RSHUDWLQJ

WHPSHUDWXUH UDQJH IRU WKH FKLSV FDQ EH VHW DQ\ZKHUH EHWZHHQ � WR �� .� 7KH FU\RVWDW KHDW

OHDN LV DERXW ��� : DW ��� .�

,1752'8&7,21

9LVLEOH OLJKW SKRWRQ FRXQWHUV DUH DQ HPHUJLQJ W\SH RI HOHFWUR�RSWLF VHQVRU XVHG LQ D

KLJK�HQHUJ\ SK\VLFV SDUWLFOH GHWHFWRU FDOOHG D VFLQWLOODWLQJ ILEHU WUDFNHU� 'XULQJ SDUWLFOH

FROOLVLRQV D ODUJH DPRXQW RI VXE DWRPLF SDUWLFOHV DUH JHQHUDWHG� 7KH VFLQWLOODWLQJ ILEHU

WUDFNHU LV D WRRO IRU PHDVXULQJ WKH WUDMHFWRU\ RI WKHVH VXE DWRPLF SDUWLFOHV� 7KH 9/3&V

UHDG WKH RSWLFDO VLJQDOV IURP WKH ILEHU WUDFNHU DQG FRQYHUW WKHP LQWR HOHFWULFDO VLJQDOV WKDW

DUH UHDG LQWR WKH GDWD DFTXLVLWLRQ V\VWHP� 7KH WUDMHFWRULHV DUH WKHQ FRPSXWHG IURP WKLV

GDWD� )HUPLODE H[SHULPHQW (��� KDV LPSOHPHQWHG D VPDOO VL]H GHWHFWRU RI WKLV W\SH� 7KH

9/3&V DUH GHVLJQHG WR RSHUDWH DW RQH VSHFLILF WHPSHUDWXUH ���� .�� 'HYLDWLRQV IURP WKLV

QRPLQDO RSHUDWLQJ WHPSHUDWXUH SRLQW DUH XQGHVLUDEOH VLQFH WKH\ DIIHFW WKH JDLQ� HIILFLHQF\�

 :RUN VXSSRUWHG E\ WKH 8�6� 'HSDUWPHQW RI (QHUJ\ XQGHU FRQWUDFW 1R� '(�$&�����&+�����



DQG QRLVH UDWH LQ WKH 9/3&V� ,W LV WKHUHIRUH GHVLUHG WR PLQLPL]H WKHVH WHPSHUDWXUH

GHYLDWLRQV� 7KLV SDSHU GLVFXVVHV WKH OLTXLG KHOLXP VXSSOLHG FU\RVWDW GHVLJQHG WR FRRO WKH

GHYLFHV WR WKHLU RSHUDWLQJ WHPSHUDWXUH� WKH FRQWURO V\VWHP IRU DFKLHYLQJ WKH GHVLUHG OHYHO RI

WHPSHUDWXUH FRQWURO� DQG WKH UHVXOWLQJ FRQWURO V\VWHP SHUIRUPDQFH�

&5<2*(1,& 6<67(0 '(6,*1

$ FORVHG F\FOH OLTXLG KHOLXP UHIULJHUDWLRQ V\VWHP KDV EHHQ GHYHORSHG IRU WKH SXUSRVH

RI FRROLQJ FDVVHWWHV FRQWDLQLQJ 9/3&V WR D WHPSHUDWXUH RI ��� .� 7KH V\VWHP LV FRPSULVHG

RI D FRPSUHVVHG SXUH KHOLXP VXSSO\ DW ��� 03D ���� 3VLD�� D &7, ���� KHOLXP OLTXHILHU� D

��� / VWRUDJH GHZDU� YDFXXP MDFNHWHG WUDQVIHU OLQH� D SKDVH VHSDUDWRU� D FU\RVWDW IRU

FRROLQJ WKH VHQVRUV� DQG D VXFWLRQ KHDGHU IRU UHWXUQLQJ KHOLXP WR WKH FRPSUHVVRU V\VWHP

�6HH ILJXUH ��� 2XU V\VWHP LV WLHG LQWR WKH PDLQ DFFHOHUDWRU �7HYDWURQ� KHOLXP V\VWHP� 7KLV

SURYLGHV XV ZLWK D VRXUFH RI KLJK�SUHVVXUH KHOLXP DQG D SODFH WR UHWXUQ WKH KHOLXP H[KDXVW

IURP RXU V\VWHP� :H VLPSO\ OLTXHI\ WKH FRPSUHVVHG KHOLXP ZLWK D &7, ����� XVH LW� DQG

UHWXUQ LW� 6LQFH WKH H[SHULPHQW WKLV GHYLFH LV XVHG RQ ZLOO UXQ IRU PRUH WKDQ RQH \HDU ZH

KDYH DGGHG D ��� / VWRUDJH GHZDU WR LQFUHDVH WKH ORQJ WHUP V\VWHP UHOLDELOLW\� 7KLV

SURYLGHV XV ZLWK D EDFNXS OLTXLG KHOLXP VXSSO\ WKDW ZLOO ODVW IRU VHYHUDO GD\V� 7KH VWRUDJH

GHZDU KDV EHHQ XVHG ZKHQ WKH 7HYDWURQ KLJK SUHVVXUH KHOLXP V\VWHP LV RII IRU

PDLQWHQDQFH� GXULQJ SRZHU RXWDJHV� DQG GXULQJ &7, ���� HQJLQH PDLQWHQDQFH� ,W KDV

UHGXFHG WKH QXPEHU WKHUPDO F\FOHV RQ WKH FU\RVWDW DQG WKH H[SHULPHQWDO GRZQ WLPH� 7R

ORZHU WKH KHDW OHDN LQWR WKH OLTXLG KHOLXP� OLTXLG QLWURJHQ FRROHG VKLHOGV DUH XVHG

WKURXJKRXW WKH V\VWHP LQ WKH YDFXXP VSDFH� &RQWURO RI WKH OLTXLG OHYHO LQ WKH FU\RVWDW LV RI

FULWLFDO LPSRUWDQFH WR FRQWURO RI WKH 9/3& WHPSHUDWXUHV� 6LQFH WKHUH DUH DERXW �� PHWHUV

RI WUDQVIHU OLQH LQ�EHWZHHQ WKH ����/ VWRUDJH GHZDU DQG WKH FU\RVWDW ZH KDYH DGGHG D

SKDVH VHSDUDWRU GLUHFWO\ XSVWUHDP RI WKH OLTXLG KHOLXP LQOHW YDOYH� 7KLV SURYLGHV HVVHQWLDOO\

D ���� OLTXLG LQOHW FRQGLWLRQ WR WKH FRQWURO YDOYH� %\ GRLQJ WKLV� WKH VL]LQJ RI WKH FRQWURO

YDOYH FDQ EH GRQH PRUH DFFXUDWHO\ DQG WKH /+H OHYHO

)LJXUH �� 6\VWHP 6FKHPDWLF



)LJXUH �� (��� 9/3& &U\RVWDW

VWDELOLW\ LV EHWWHU EHFDXVH WKH FRQWURO V\VWHP GRHV QRW KDYH WR ILJKW FKDQJLQJ LQOHW

FRQGLWLRQV ZKLFK DUH IORZ UDWH DQG KHDW OHDN GHSHQGHQW� 7KH /+H IORZV WKURXJK WKH

FU\RVWDW DQG LV ERLOHG RII� 7KLV ERLO RII LV ZDUPHG XS DQG IORZV WKURXJK WZR FRQWURO YDOYHV

EDFN LQWR WKH 7HYDWURQ KHOLXP JDV UHWXUQ�

7KH FU\RVWDW �6HH ILJXUH �� FRQWDLQV D VHULHV RI FRSSHU ZHOOV WKDW KHUPHWLFDOO\ VHDO WKH

OLTXLG KHOLXP VSDFH IURP WKH VWDJQDQW JDV KHOLXP VSDFH LQVLGH WKH FDVVHWWH YROXPH� 7KH

OLTXLG KHOLXP LV FRQWUROOHG WR D OHYHO MXVW DW WKH ERWWRP RI WKHVH ZHOOV� ,W FRROV WKHP WR

URXJKO\ WKH VDWXUDWLRQ WHPSHUDWXUH RI WKH OLTXLG KHOLXP� 2Q WKH LQVLGH RI WKH ZHOO WKHUH LV D

KROORZ VSDFH ZKLFK WKH FDVVHWWH SOXJV LQWR� 7KH OLTXLG KHOLXP LQOHW FRQWURO YDOYH

HVWDEOLVKHV WKH OHYHO RI OLTXLG KHOLXP WR D FRQVWDQW YDOXH� %RLO RII IURP WKH FU\RVWDW IORZV

RXW WZR SDWKV� 7KHUH LV D SUHVVXUH YHQW ZKRVH IORZ UDWH LV DGMXVWHG WR PDLQWDLQ D FRQVWDQW

SUHVVXUH LQ WKH FU\RVWDW� $QG WKHUH LV DQ DQQXODU IORZ YHQW ZKRVH SXUSRVH LV WR UHGXFH WKH

KHDW OHDN WR WKH OLTXLG KHOLXP E\ FRROLQJ WKH WXEHV WKDW FRQQHFW WKH YDFXXP YHVVHO WR WKH



7DEOH �� &U\RVWDW DQG &DVVHWWH 7KHUPDO 6SHFLILFDWLRQ

6SHFLILFDWLRQ $FWXDO

&U\RVWDW KHDW OHDN � : � :

1RPLQDO 9/3& RSHUDWLQJ WHPSHUDWXUH ��� ��� ����� . ��� ��� �����.

9/3& RSHUDWLQJ WHPSHUDWXUH UDQJH � WR �� . � WR �� .

OLTXLG KHOLXP YHVVHO� 7KHVH WXEHV DUH RI GRXEOH ZDOO FRQVWUXFWLRQ DQG WKH FROG JDV IORZV

WKURXJK WKH DQQXODU VSDFH EHWZHHQ WKH WXEHV� 7KH FU\RVWDW FRQWDLQV SHQHWUDWLRQV IRU WZHOYH

FDVVHWWHV �2QO\ � DUH FXUUHQWO\ XVHG�� 7KH SDUDOOHO JDV RXWOHWV RI WKH DQQXODU WXEHV DUH

FRQQHFWHG LQWR D PDQLIROG ZLWK ����PP ���� LQ�� FDSLOODU\ WXELQJ� 7KH SXUSRVH RI WKLV LV WR

LQVXUH HYHQ IORZ GLVWULEXWLRQ IURP WXEH WR WXEH� %RWK WKH SUHVVXUH YHQW DQG DQQXODU YHQW

IORZV DUH WKHQ ZDUPHG WR URRP WHPSHUDWXUH DQG JR WKURXJK PDVV IORZ FRQWURO YDOYHV�

�)LJXUH ��� 6LQFH ZH KDYH D FORVHG F\FOH V\VWHP FRQWDPLQDWLRQ LV YHU\ LPSRUWDQW DQG PXVW

EH PDLQWDLQHG DW D ORZ OHYHO �/HVV WKHQ ��330 QLWURJHQ�� 7R PRQLWRU WKH FRQWDPLQDWLRQ

OHYHO� SDUW RI WKH KHOLXP H[KDXVW IORZ JRHV WKURXJK DQ DUF FHOO WKDW PHDVXUHV WKH 330 OHYHO

RI QLWURJHQ LQ WKH UHWXUQ JDV� 7KH FDVVHWWHV WKHPVHOYHV DUH QRW KHUPHWLF DQG FDQ LQWURGXFH

FRQWDPLQDWLRQ LQWR WKH VWDJQDQW JDV VSDFH� 7KLV LV WKH PDLQ UHDVRQ WKH JDV KHOLXP LQVLGH

WKLV VSDFH LV VHSDUDWH IURP WKH OLTXLG KHOLXP� 7KH KHOLXP LQ WKH VWDJQDQW JDV VSDFH LV RQO\

WKHUH WR SURYLGH D XQLIRUP KHDW WUDQVIHU PHGLXP ZLWK WKH SURSHU WKHUPDO UHVLVWDQFH VR WKDW

WKH 9/3&V ZLOO RSHUDWH FORVH WR WKHLU QRPLQDO RSHUDWLQJ WHPSHUDWXUH� 7DEOH � GLVSOD\V D

OLVW RI WKH EDVLF WKHUPDO VSHFLILFDWLRQV IRU WKH FU\RVWDW DQG 9/3& WHPSHUDWXUH FRQWURO�

2QH RI WKH GHVLJQ REVWDFOHV WR RYHUFRPH LQ FRQWUROOLQJ QLQH GLIIHUHQW FDVVHWWHV DW WKH

VDPH WHPSHUDWXUH LV WR PDNH VXUH WKDW WKH WKHUPDO FRQGXFWDQFH IURP WKH FDVVHWWH FROG HQG

WR WKH FRSSHU ZHOO LV FRQVLVWHQW DQG UHSHDWDEOH� &RQGXFWLRQ W\SH FRQWDFW MRLQWV DW

FU\RJHQLF WHPSHUDWXUHV FDQ EH SUREOHPDWLF DQG ZHUH QRW XVHG LQ WKH FXUUHQW FDVVHWWH

GHVLJQ� 7KH VROXWLRQ ZDV WR XVH D WKHUPDO FRQGXFWLRQ JDV JDS
�
� 7KH KHDW GLVVLSDWLRQ

WKURXJK WKH FROG HQG LV UHODWLYHO\ VPDOO �$SSUR[LPDWHO\ ��� :�� 7KLV KHDW LV WUDQVIHUUHG

DFURVV WKH DQQXODU KHOLXP JDS �%HWZHHQ WKH FDVVHWWH FROG HQG DQG WKH FRSSHU ZHOO LQ WKH

FU\RVWDW� E\ FRQGXFWLRQ DQG QDWXUDO FRQYHFWLRQ� 7KH UHTXLUHG JDS VL]H LV RQ WKH RUGHU RI �

PP� 7KLV W\SH RI MRLQW DOORZV IRU FDVVHWWH WKHUPDO FRQWUDFWLRQ� LV HDV\ WR ILW� DQG SURYLGHV D

UHODWLYHO\ FRQVLVWHQW WKHUPDO MRLQW IURP FDVVHWWH WR FDVVHWWH� 7KH FDVVHWWHV WKHPVHOYHV DUH

QRW PDGH WR D KLJK GHJUHH RI DFFXUDF\ DQG WKH DUH VLJQLILFDQW YDULDWLRQV IURP FDVVHWWH WR

FDVVHWWH� ,I WKH FDVVHWWH LV EHQW ZKHQ LQVHUWHG LQWR WKH FU\RVWDW LW ZLOO WRXFK WKH VLGH RI WKH

FRSSHU ZHOO� 7KLV QRW D FDWDVWURSKLF HYHQW EXW ZLOO FDXVH WKLV SDUWLFXODU FDVVHWWH WR UXQ

FROGHU�

&5<267$7 &21752/ 6<67(0 '(6,*1

$FFXUDWH DQG UHSHDWDEOH FRQWURO RI WKH 9/3& WHPSHUDWXUHV LV DFFRPSOLVKHG WKURXJK

JRRG WKHUPDO DQG PHFKDQLFDO GHVLJQ RI WKH FU\RVWDW DQG WKH LPSOHPHQWDWLRQ RI D VWDEOH

FRQWURO V\VWHP� 7KH EDVLF FRQWURO V\VWHP GLDJUDP LV VKRZQ LQ ILJXUH �� $ GHVFULSWLRQ RI

HDFK RI WKH FRQWURO ORRSV LQ WKH V\VWHP LV SURYLGHV LQ WDEOH �� 6LQFH WKH 9/3& GHYLFHV



)LJXUH �� (��� 9/3& &U\RVWDW &RQWURO 6\VWHP 6FKHPDWLF

JHQHUDWH RQO\ D PLQXVFXOH DPRXQW RI KHDW DQG WKLV KHDW LV URXJKO\ FRQVWDQW LI ZH FDQ

HVWDEOLVK D VWDEOH FU\RVWDW OLTXLG OHYHO� SUHVVXUH� DQG DQQXODU IORZ UDWH WKHQ WKH 9/3&

WHPSHUDWXUHV VKRXOG EH VWDEOH� ,Q JHQHUDO WKHUH DUH WZR OD\HUV RI FRQWURO XVHG WR HVWDEOLVK

WHPSHUDWXUH FRQWURO RI WKH 9/3&V�

7KH ILUVW OD\HU FRQVLVWV RI WKH WKUHH FRQWURO ORRSV WKDW FRQWURO WKH LQOHW OLTXLG IORZ DQG

RXWOHW JDV IORZ RI KHOLXP WKURXJK WKH FU\RVWDW� 7KH ILUVW ORRS FRQWUROV OLTXLG KHOLXP OHYHO�

7KLV LV FRQWUROOHG E\ D SQHXPDWLFDOO\ DFWXDWHG FRQWURO YDOYH �&Y  ����� ZKLFK ORRNV DW D

WHPSHUDWXUH VHQVRU RQ WKH ZDOO RI WKH FU\RVWDW RU D OLTXLG OHYHO SUREH� :H IRXQG WKDW WKH

WHPSHUDWXUH VHQVRU RQ WKH RXWVLGH RI WKH FU\RVWDW ZDV DEOH WR FRQWURO WKH OHYHO EHWWHU ZLWK D

ORZHU KHDW OHDN WKDQ D OHYHO SUREH� $V WKH OLTXLG OHYHO LQ WKH FU\RVWDW ULVHV� WKLV VHQVRU UHDGV

D ORZHU WHPSHUDWXUH� 7KH VHQVRU XVHG LV DQ $OOHQ %UDGOH\ ����RKP FDUERQ UHVLVWRU� $W WKH

FRQWURO VHW SRLQW �$SSUR[LPDWHO\ ��� .� WKLV VHQVRU KDV D VHQVLWLYLW\ RI DERXW ��� RKPV�.�

,W WRRN D IXOO 3,' GLJLWDO FRQWURO ORRS WR JHW WKLV ORRS WR ZRUN ZHOO� 7KLV LV GXH WR WKH

WKHUPDO WLPH GHOD\ RI WKH VLJQDO DV WKH KHDW WUDYHOV WKURXJK WKH VWDLQOHVV VWHHO ZDOO RI WKH

FU\RVWDW�

7KH VHFRQG ORRS FRQWUROV WKH DQQXODU IORZ WR EH FRQVWDQW� $ FRPPHUFLDOO\ DYDLODEOH�

ORZ SUHVVXUH GURS� WKHUPDO PDVV IORZ PHWHU�FRQWUROOHU LV XVHG IRU WKLV ORRS� 7KH FRQWUROOHU

UDQJH LV � WR �� VWDQGDUG OLWHUV SHU PLQXWH �6/30� KHOLXP ZLWK DQ DFFXUDF\ RI ��� �� RI

IXOO VFDOH� 7KLV LV D VHOI�FRQWDLQHG FRQWURO V\VWHP� $ FRQVWDQW '& YROWDJH VHWSRLQW VLJQDO LV

VHQW WR WKLV GHYLFH� 7KH FRQWUROOHU WKHQ WULHV WR PDLQWDLQ D FRQVWDQW IORZ HYHQ ZKHQ WKH

XSVWUHDP DQG GRZQVWUHDP SUHVVXUHV DUH FKDQJLQJ� 7KH FRQWURO FLUFXLWU\ LQ WKH IORZ

FRQWUROOHU SURSRUWLRQDOO\ RSHQV RU FORVHV WKH YDOYH VR WKDW WKH IORZ VHWSRLQW LV DFKLHYHG�

7KH HIIHFW RI WKLV IORZ LV WR UHGXFH WKH KHDW OHDN RI WKH V\VWHP IURP �� : ZLWK QR IORZ WR

DERXW � : DW WKH GHVLJQ DQQXODU IORZ� 7KH FRQVWDQW QDWXUH RI WKLV IORZ LV LPSRUWDQW WR WKH

RYHUDOO FRQWURO EHFDXVH LW KDV D YHU\ VWURQJ HIIHFW RQ WKH FDVVHWWH WHPSHUDWXUHV�

7KH WKLUG ORRS LV IRU FU\RVWDW SUHVVXUH� ,WV SXUSRVH LV WR PDLQWDLQ WKH FU\RVWDW SUHVVXUH

FRQVWDQW WR DYRLG WHPSHUDWXUH FKDQJHV LQGXFHG E\ WKH HIIHFW RI SUHVVXUH RQ WKH VDWXUDWLRQ

SURSHUWLHV� $ FRQWURO ORRS ZKLFK ORRNV DW WKH FU\RVWDW SUHVVXUH DQG VHQGV VHWSRLQW YDOXHV

WR D PDVV IORZ FRQWUROOHU LV XVHG WR UHJXODWH WKH YHQW IORZ RXW RI WKH FU\RVWDW� 7KH W\SH RI

PDVV IORZ FRQWUROOHU XVHG RQ WKLV ORRS LV WKH VDPH DV WKH FRQWUROOHU XVHG RQ WKH DQQXODU

IORZ EXW WKH UDQJH LV � WR �� 6/30 KHOLXP� 7KH ERLO RII JDV LQ ERWK WKH YHQWV LV ZDUPHG

XS DQG SDVVHV WKURXJK DERXW �� PHWHUV RI WXELQJ EHIRUH UHDFKLQJ WKH IORZ FRQWUROOHUV�

6LQFH WKH FU\RVWDW SUHVVXUH LV URXJKO\ ����� 03D �� SVLJ� DQG WKH YHQW SUHVVXUH LV XVXDOO\



7DEOH �� &RQWURO 6\VWHP /RRS 'HVFULSWLRQV

/RRS 6HWSRLQW ,QSXW &RQWURO 7\SH $XWR�0DQXDO 2XWSXW

/+H /HYHO 7HPSHUDWXUH &U\RVWDW :DOO

7HPSHUDWXUH

3,' $XWR /+H ,QOHW 9DOYH

3RVLWLRQ

$QQXODU )ORZ 0DVV )ORZ UDWH $QQXODU )ORZ 1$ 0DQXDO 6HWSRLQW WR )ORZ

&RQWURO 9DOYH

&U\RVWDW 3UHVVXUH 3UHVVXUH &U\RVWDW 3UHVVXUH 3, $XWR 6HWSRLQW WR )ORZ

&RQWURO 9DOYH

&DVVHWWH

7HPSHUDWXUH

7HPSHUDWXUH 9/3&

7HPSHUDWXUH

3, $XWR &XUUHQW WR

&DVVHWWH +HDWHU

DERXW ����� 03D �� SVLJ� WKHVH FRQWUROOHUV KDYH WR RSHUDWH VRPH WLPHV ZLWK DV OLWWOH DV

����� 03D �� SVL� SUHVVXUH GURS GXH WR OLQH SUHVVXUH GURSV� 7KH SXUSRVH RI DOO WKUHH RI WKH

ORRSV LV WR DFKLHYH 9/3& WHPSHUDWXUHV RQ DOO FDVVHWWHV ZLWKLQ ��� .�

7KH VHFRQG OD\HU RI FRQWURO FRQVLVWV RI ORRSV IRU WULPPLQJ DOO WKH FDVVHWWH LVRWKHUPV WR

WKH VDPH WHPSHUDWXUH� 2QH KXQGUHG DQG WZHQW\ HLJKW 9/3&V DUH PRXQWHG RQ D KLJKO\

FRQGXFWLYH FRSSHU SLHFH VXVSHQGHG LQ WKH ERWWRP RI HDFK FDVVHWWH� 7KLV SLHFH LV UHIHUUHG WR

DV WKH FRSSHU LVRWKHUP� (DFK LVRWKHUP KDV WZR FDOLEUDWHG WHPSHUDWXUH VHQVRUV DQG D

KHDWHU LPEHGGHG LQWR LW� $ VLPSOH 3, FRQWURO ORRS IRU HDFK LVRWKHUP WKHQ DGMXVWV WKH KHDWHU

RXWSXW WR PDLQWDLQ D FRQVWDQW LVRWKHUP WHPSHUDWXUH� :LWK WKH KHDWHU RQ ��� SHUFHQW WKH

LVRWKHUP WHPS LV UDLVHG DERXW ��� .� 7KH WHPSHUDWXUH VHW SRLQW RI DOO WKH FDVVHWWHV DUH VHW

WR WKH VDPH YDOXH� 7KH FRQWURO FLUFXLW WKHQ DGMXVWV WKH KHDWHU FXUUHQW IURP � WR �� P$ WR

DFKLHYH WKH VHWSRLQW WHPSHUDWXUH� 7KH VHQVRUV DUH GULYHQ E\ D �� PLFUR DPS FRQVWDQW

FXUUHQW VRXUFH� 7KH YROWDJH DFURVV HDFK LVRWKHUP VHQVRU LV WKHQ UHDG LQWR WKH FRQWURO

V\VWHP ZLWK D WHPSHUDWXUH UHVROXWLRQ RI DERXW ��� P.�

6LQFH WKHUH DUH VHYHUDO ORRSV WKDW FRQWURO SDUDPHWHUV ZKLFK DIIHFW WKH 9/3&

WHPSHUDWXUHV LW LV QHFHVVDU\ WR LQVXUH WKDW WKHUH DUH QR LQVWDELOLWLHV FDXVHG E\ ORRS WR ORRS

LQWHUDFWLRQV� 6SHFLILFDOO\� WKH WZR ORRSV ZKLFK FRQWURO WKH OLTXLG KHOLXP OHYHO DQG WKH

FU\RVWDW SUHVVXUH PXVW QRW LQWHUDFW� 7KH SKLORVRSK\ XVHG WR SUHYHQW ORRS WR ORRS

LQWHUDFWLRQ LV WR KDYH WKH WZR ORRSV KDYH YHU\ GLIIHUHQW WLPH UHVSRQVH� �2QH VORZ DQG RQH

IDVW� )RU RXU SUHVHQW FDVH WKH IDVW ORRS FRQWUROV WKH OLTXLG OHYHO DQG WKH VORZ ORRS FRQWURO

FU\RVWDW SUHVVXUH�

&21752/ 6<67(0 3(5)250$1&(

2YHU WKH ODVW �� PRQWKV WKH WHPSHUDWXUH VWDELOLW\ RI WKH 9/3& FKLSV KDV EHHQ

H[FHOOHQW� 'XH WR WKH ODUJH TXDQWLW\ RI GDWD UHFRUGHG WKH ILJXUHV VKRZQ LQ WKLV VHFWLRQ DUH

GXULQJ WKH ILUVW IRXU GD\V LQ 0D\ DQG DUH FRQVLGHUHG WR EH W\SLFDO RI FRQWURO GXULQJ WKH

HQWLUH UXQ� $ WHPSHUDWXUH YHUVXV WLPH SORW RI WKH 9/3& WHPSHUDWXUHV LV VKRZQ LQ ILJXUH ��

7KLV SORW VKRZV WKH 9/3& WHPSHUDWXUHV LQ D VLQJOH FDVVHWWHV� 2QH RI WKH HIIHFWV RI EHLQJ

WLHG WR WKH 7HYDWURQ KHOLXP V\VWHP LV WKDW WKHUH DUH PLQRU WHPSHUDWXUH XSVHWV GXULQJ

PDJQHW TXHQFKHV� 7KH VXFWLRQ SUHVVXUH ZLOO ULVH IURP LWV QRUPDO YDOXH RI ����� 03D ��

SVLJ� WR DERXW ����� 03D �� SVLJ� RU PRUH� 7KLV FDXVHV WKH DQQXODU IORZ WR VWDOO DQG WKH

FDVVHWWHV EHJLQ WR ZDUP RYHU WKHLU VHW SRLQW� 7\SLFDOO\ WKH PD[LPXP WHPSHUDWXUH ULVH LV

RQ WKH RUGHU RI �� WR �� P. �6HH WHPSHUDWXUH VSLNHV LQ ILJXUH ��� 7KLV LV ZLWKLQ WKH
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)LJXUH �� 9/3& 7HPSHUDWXUH 6WDELOLW\ 'XULQJ WKH )LUVW )RXU 'D\V LQ 0D\

DOORZDEOH IRU WKH 9/3&V� 7R JHW D EHWWHU LGHD RI KRZ ZHOO WKH WHPSHUDWXUHV ZHUH

FRQWUROOHG , KDYH DQDO\]HG WKH GDWD IURP IRXU FDVVHWWHV IRU WKH HQWLUH PRQWK RI 0D\ XVLQJ

VWDWLVWLFDO DQDO\VLV� 'XULQJ WKLV SHULRG WKHUH ZHUH DERXW ����� GDWD SRLQWV WDNHQ SHU

FDVVHWWH DQG �� TXHQFKHV� 7KH UHVXOWV RI WKLV DQDO\VLV DUH VKRZQ LQ WDEOH �� 7KH VWDELOLW\ RI

WKH OHYHO �)LJXUH �� DQG SUHVVXUH �)LJXUH �� LQ WKH FU\RVWDW ZDV DOVR H[FHOOHQW� ,Q DGGLWLRQ

WR KDYLQJ YHU\ VWDEOH WHPSHUDWXUHV WKH FU\RVWDW DOVR KDV D ORZ KHDW OHDN WR OLTXLG KHOLXP�

7KH WRWDO FU\RVWDW KHDW OHDN LV PHDVXUHG WR EH DSSUR[LPDWHO\ ��� :� 7KLV GDWD FRPHV IURP

WKH ERLO RII IORZ UDWH PHDVXUHG E\ WKH PDVV IORZ FRQWUROOHUV� )RU WKH PRVW SDUW WXQLQJ RI

WKH FRQWURO ORRSV ZDV DFFRPSOLVKHG ZLWK HDVH� $OO WKH ORRSV ZHUH WXQHG XVLQJ D WULDO DQG
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)LJXUH �� 7\SLFDO &U\RVWDW /HYHO 6WDELOLW\ 'XULQJ WKH )LUVW )RXU 'D\V LQ 0D\



7DEOH �� 9/3& 7HPSHUDWXUH &RQWURO 5HVXOWV IRU 0D\

&DVVHWWH � &DVVHWWH � &DVVHWWH � &DVVHWWH �

&RQWURO 6HWSRLQW ����� . ����� . ����� . ����� .

$YHUDJH RI 7HPSHUDWXUH ������ . ������ . ������ . ������ .

6WDQGDUG 'HYLDWLRQ RI

7HPSHUDWXUH ZLWK 4XHQFKHV

������ . ������ . ������ . ������ .

6WDQGDUG 'HYLDWLRQ RI

7HPSHUDWXUH ZLWKRXW 4XHQFKHV

������ . ������ . ������ . ������ .
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)LJXUH �� 7\SLFDO &U\RVWDW 3UHVVXUH 6WDELOLW\ 'XULQJ WKH )LUVW )RXU 'D\V LQ 0D\

HUURU PHWKRG� ,Q JHQHUDO WKH SURSRUWLRQDO JDLQ ZDV LQFUHDVHG WR D YDOXH EHORZ WKH SRLQW

ZKHUH V\VWHP RVFLOODWLRQ RFFXUUHG� 7KH LQWHJUDO JDLQ ZDV WKHQ LQFUHDVHG XQWLO DQ DFFHSWDEOH

RIIVHW ZDV DFKLHYHG�

&21&/86,216

:H KDYH GHVLJQHG� IDEULFDWHG� DQG WHVWHG D ORZ KHDW OHDN FU\RVWDW IRU FRROLQJ D

PXOWLWXGH RI GHYLFHV YHU\ DFFXUDWHO\ IRU ORQJ SHULRGV RI WLPH� 7KH FU\RVWDW FRROV ����

9/3&V WR D WHPSHUDWXUH RI ����� . ��� ����� . H[FHSW GXULQJ V\VWHP XSVHWV ZKLFK KDSSHQ

LQIUHTXHQWO\� ,W KDV D WRWDO KHDW OHDN WR OLTXLG KHOLXP RI DSSUR[LPDWHO\ ��� : DQG KDV EHHQ

RSHUDWLQJ IRU �� PRQWKV� 7KH 9/3&V KDYH EHHQ FRQWUROOHG DW XS WR ���� . E\ DGMXVWLQJ

FU\RVWDW SDUDPHWHUV �/LTXLG KHOLXP OHYHO� FDVVHWWH LQVHUWLRQ GHSWK� FU\RVWDW SUHVVXUH� DQG

FRXOG EH UXQ DW HYHQ KLJKHU WHPSHUDWXUHV�

5()(5(1&(6

�� 7� +� *DVWH\HU� .� -� .UHPSHW]� $� /HH� 5� $� 5XFLQVNL� DQG $� 0� 6WHIDQLN�

¦$GYDQFHV LQ &U\RJHQLF (QJLQHHULQJ§� 9RO� ��$� SJ� ���� 3OHQXP 3UHVV� 1HZ <RUN� ����


